Introduction
Cervical central cord syndrome is characterized by disproportionately greater motor impairment of the upper than the lower extremities, predominantly distal motor dysfunction, varying degrees of sensory abnormalities and bladder dysfunction [13, 14] . Classically it has been stated that traumatic central cord syndrome may be caused by different types of medullar injuries, ranging from edema or concussion, through hematoma or contusion, to ischemia [12, 13, 14] . However, recent studies have not demonstrated the existence of intramedullary hemorrhage or blood products in cases of traumatic cervical central cord syndrome (TCCCS) studied with magnetic resonance imaging (MRI) or at autopsy [7, 11] , and have therefore concluded that most probably hemorrhage is not a predominant feature of this syndrome.
MRI is the most sensitive diagnostic tool for studying parenchymal spinal cord injuries, and is even more sensitive in detecting blood, especially in the acute phases of injury. We present a case of traumatic central cord syndrome in which acute MRI evaluation showed intramedullary hemorrhage as the main finding.
Case report
A 70-year-old man was admitted to our department suffering from craniocervical trauma after falling down stairs. On examination he was conscious, oriented and, although he could hardly move his arms, he could move his legs normally. Strength was 3/5 proximal and 1/5 distal in his right arm and 4/5 proximal and 3/5 distal in his left arm. There was no clear sensory level, but he had pain in his shoulders that was elicited by touch. Reflexes were decreased in the upper extremities and normal in both legs. He was catheterized because of urinary retention. Cranial computed tomographic (CT) scans appeared normal. Cervical spine radiographs and helicoidal CT scans revealed a type II odontoid fracture (Fig. 1) . Using a 0.5-T MR unit with a cervical coil, a T2-weighted gradient echo [600/28/6 (TR/TE/excitations); matrix, 224×128; flip angle 200] axial cervical MRI was performed in the first 12 h after the trauma, revealing the existence of a low-intensity intramedullary lesion at the level of C2 (Fig. 2) . The patient was operated on 5 days later, reducing the fracture by a posterior C1-C2 wiring. At discharge, the patient had nearly normal strength proximally in both arms, with 3/5 in both hands. Neurological examination 1 year after the trauma showed a minor deficit in flexoextension of the right hand fingers and mild hyper-reflexia. A cervical MR examination (Fig. 3 ) performed 1 year after trauma revealed the presence of a cystic cavity in the place where the hematoma had been.
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Discussion
The pathological basis of central cord syndrome is a matter of controversy. Schneider et al., in their original description of the syndrome, commented on a case described by Spiller of the autopsy of a man who had suffered a typical traumatic central cord syndrome, where hemorrhage was found in the cord [13] . Schneider also described, in three of his reported cases in which autopsy was performed, the existence of central cord destruction involving several segments of the affected cord [13, 14] . The fact that a large group of patients suffering from this syndrome recovered with mild deficits led to the idea that a major component of this syndrome might be edema, a condition that could resolve without leaving major damage to the cord. Various authors have also reported that the appearance of this syndrome after cervical trauma is more frequent in patients with cervical spondylosis.
Trauma without fracture or dislocation to an already compressed cord could lead to further damage due to edema or ischemia [6, 12, 13, 14] . Thus, it has been stated classically that several pathological entities such as edema, hemorrhage or ischemia, or a combination of them, could lead to the same clinical expression.
MRI has emerged as a very sensitive tool for detecting and differentiating spinal cord lesions in the acute trauma scenario [3, 9, 15] . The patterns of spinal cord injury on MRI resemble those seen in cerebral injury, and there is good correlation between different lesions seen on MRI and pathology. MRI is also very sensitive in differentiating the presence of blood and edema in the acute or subacute stages. Although various technical problems may hamper the use of MRI in patients suffering traumatic spinal cord lesions, various groups of investigators have demonstrated its diagnostic and prognostic utility, as lesions seen on MRI can be related to the degree of neurological deficit and to prognosis [3, 15] . Flanders et al., in a series of 78 patients with acute cervical spine trauma, identified various patterns of spinal cord injury and related them to the degree of neurological injury [3] ; all patients with hemorrhagic lesions in this series had complete neurological deficit, and the presence of hemorrhage indicates a poor prognosis. In a more recent MR study on patients with cervical spine injuries, Selden et al. presented similar findings in 55 patients [15] . However, although the presence of hemorrhage was related to worse neurological status and prognosis, not all patients with spinal cord hemorrhage showed complete injury, and some patients presented full neurological recovery, which was inversely related to the extent of the hematoma.
In a series of 21 patients with acute cervical trauma, Mirvis et al. [9] found that none of those presenting central cord syndrome had MR lesions compatible with hemorrhage, and all showed hyperintensity on T2-weighted images -a finding compatible with edema. More recently, Quencer et al. [11] reported a series of nine patients with traumatic central cord syndrome examined with MRI, three of whom also underwent necropsy studies. In none of them did MRI reveal images compatible with hemorrhage within the cord, even after employing specific sequences (T2-weighted gradient echo), and the pathological study showed no evidence of blood or blood products in the cord. The major finding in this study was the association of central cord syndrome with hyperintensity on T2-weighted images within the cord -a finding compatible with edema -which correlated with swelling and degeneration of large areas of the lateral corticospinal tract and preservation of central cord areas. All these findings have been confirmed in a case presentation by Martin et al. [7] . The presence of MR findings compatible with intramedullary hemorrhage in our case confirms that, although perhaps infrequent, intramedullary hemorrhage could also be responsible for the production of this syndrome, as stated by Schneider et al. [13] . The limited extent of the intramedullary hematoma could relate to the incompleteness of the injury presented by our patient, and also to the recovery he experienced.
Prognosis after TCCCS has generally been considered good. Of the original series of patients in Schneider's series [13] , five out of nine patients survived, and all five presented significant neurological improvement of their original situation. More recent series have confirmed these findings. Braakman and Penning [2] , in a series of 57 patients with TCCCS, showed that of 32 patients presenting severe manifestation of the syndrome (paralysis of arms, paresis of legs), 13 patients experienced a complete recovery, 6 remained slightly handicapped, 3 had more severe spastic paraparesis, 4 died, and in 6 laminectomy had to be performed because of aggravation of neurological symptoms. Of the 25 patients with a moderate syndrome (marked paresis of hands or arms, slight paresis of legs), 15 recovered completely, 3 remained slightly handicapped, 1 remained more severely handicapped with spastic paresis, 1 died, and in 5 laminectomy was performed because of aggravation of neurological symptoms. It is not clear whether the nature of the pathological lesion (concussion, contusion or ischemia) responsible for the syndrome affects the final outcome. The presence of hemorrhage is related to bad prognosis in spinal trauma [15] , but it is not clear whether this is also the case in TCCCS, as the experience of acute MR imaging of this syndrome is still limited.
The appearance and growth of a cystic cavity where the original lesion was located has been suggested in some cases to be the origin of later deterioration of these patients, even leading to surgical exploration of these cavities [4] . As a result of the injury, hematomyelia could resolve in liquefaction and myelomalacia, leading to the formation of a cyst [1, 16] . On MRI, the prevalence of cystic lesions in injured spinal cords is almost 50% [1] . These cystic cavities, in contrast to post-traumatic syringomyelia, are normally located opposite the fracture, and do not extend over more than one segment, nor enlarge [16] . The only symptom related to their presence is spasticity [1] . Surgical treatment is not recommended, as they are not a cause of deterioration and their direct puncture or decompression has not prevented their refilling nor changed the clinical findings, as shown in recent series [1, 16] . The presence of such a cyst in the late MR examinations in our patient confirms the affection of the medulla on the site where the hematoma was, and its presence could be related to the residual symptoms our patient experiences. There is good reduction of the odontoid fracture Different explanations for the functional changes observed in the central cervical cord syndrome have been provided. Schneider and co-workers accepted Foerster's theory that the lateral corticospinal tracts are laminated, so that the fibers innervating the cervical segments lie medially to those subserving more caudal segments [13, 14] . Thus, a lesion lying in the center of the cord would affect mainly fibers innervating cervical segments. However, it has been demonstrated that there is a lack of somatotopic organization of the corticospinal tract in primates [5, 10] . An alternative explanation proposed by some authors is that the function of the lateral corticospinal tract is more important for hand and arm movement than it is for lower extremity use [6] . Thus, any lesion located in the center of the cord or more laterally, producing sufficient damage to the lateral corticospinal tract at the cervical level, would impair upper extremities function to a higher degree. Pathological evidence arising from more recent studies on this syndrome reveals that damage to the lateral corticospinal tract is a predominant feature, supporting this hypothesis [7, 11] .
Some patients with this syndrome also present uncomfortable, painful, burning sensations over the shoulders, arms, and chest in varying degrees, which are induced by touch. Both hyperpathia and allodynia have been related to lesions of the spinothalamic tract at its decussation in the cord [5] . For a lesion to produce this clinical feature it should be located in a central cord position, as occurred in our patient.
On the other hand, clinical variations of this syndrome could also be due to the different nature of the underlying lesions leading to this condition [8] . As has been shown, the main feature of this syndrome is the lesion to the lateral corticospinal tract, which is responsible for the motor impairment that characterizes it. However, this can be produced by lesions with variable extensions in different locations through the medulla, capable of damaging other tracts and thus adding different clinical features to the syndrome [8] .
